A cDNA library has been prepared from mouse embryo small RNAs and screened for the presence of clones complementary to the highly abundant cytoplasmic 7S RNA.
INTRODUCTION
Eucaryotic cells contain a discrete number of small RNA molecules which are not related to the known ribosomal RNA species or tRNAs. These RNAs have a size distribution of about 100-300 nucleotides and exhibit the common properties of abundance, stability and a high degree of sequence conservation during recent eucaryotic evolution (1) (2) (3) (4) . The ubiquitous nature and high evolutionary conservation of these species suggests that they perform some important cellular function, the elucidation of which has proved to be extremely elusive.
Information collated from a number of studies over the past decade has led to the classification of the small RNAs into two groups, depending upon the nature of their 5' termini and the polymerase involved in their transcription (1, 5) . The small nuclear RNAs (snRNAs) have capped 5' termini and are now generally thought to be transcribed by RNA polyraerase II (6, 7) .
This has been confirmed, at least for the U1 snRNA, by the use of a cloned probe for the chick U1 gene (8) . This class of small RNAs has been the focus of much recent attention because of the proposed involvement of U1 and U2 sequences in RNA processing, in particular the removal of introns from premRNA sequences (9) (10) (11) .
The other class of small RNAs includes the species K, L and M and the 4.5S RNAs which are common to many mammalian cells (1, 12) . All of these RNAs possess triphosphorylated 5' termini and are transcribed by RHA polymerase III (13, 11) . The biological role of these RNA species is completely obscure, although the association which has been detected between t.5S RNA and polyadenylated RNA in rodent cells has led to speculation that it may be involved in some stage of hnRNA processing (15, 16) .
The most abundant RNA in this class is the cytoplasmlc L RNA (also known and hereafter referred to as 7S RNA). Although 7S RNA was initially discovered as an integral component of oncornavirus particles it was subsequently identified as a major RNA species in mammalian and avian cells (3, 17) . Until recently, technical limitations have largely prevented progress in the elucidation of the cellular function of 7S RNA. However, there has been a resurgence of interest in this topic with the advent of cloning technology and the demonstration that 7S RNA from human cells is partially homologous to a highly repeated 300 b.p. sequence element in human DNA (18) . This element is the basic repeating unit in a family of related sequences which are present appoximately 300.000 times in the human genome. The Alu family, named after the Alu I restriction site present in most of its members (19) constitutes the dominant interspersed repeated sequence in the genomes of human and rodent cells (20, 21) . As much as 25% of hnRNA in mammalian cells is complementary to the Alu sequence and can be isolated in the form of double stranded RNA duplexes (22, 23) . It is possible that the ultimate solutions to the questions of 'function 1 for small RNAs and interspersed repeat sequences such as the Alu family may be intimately linked.
In this article, we address a number of questions related to the characterisation of 7S RNA in mouse cells. A cloned copy of 7S RNA has been isolated from a cDNA library prepared from small RNA molecules. Sequence analysis has been used to illuminate the relationship between 7S RNA and the highly repeated Alu family, while cross-species hybridisations have shown that although 7S RNA is highly conserved in avian, rodent and human cells, major changes have occurred in its genomic organisation during eucaryotic evolution.
MATERIALS AND 1ETH0DS
All restriction endonucleases were purchased from Uniscience and were used under the conditions recommended by the manufacturers.
Reverse transcriptase was obtained from the Division of Cancer Cause and Prevention, National Cancer Institute, Bethesda. DNA polymerase (Klenow fragment) was provided by Boehringer and T4 ligase was supplied by Biolabs. Sequencing reagents were obtained from sources described by Haxam and Gilbert (24) . Guanidiniura thiocyanate was from Fluka, and oligo(dT)-cellulose (T3 grade) was from Collaborative Research Inc. Thiol-sepharose was prepared from Sepharose CL1B (Pharmacia) as previously described (25) . Nick translations were carried out using a nick-translation kit and oC -(^P)-dCTP supplied by the Radiochemical Centre, Amersham, England, who also provided (^HJ-uridine (55 Ci-mmole). Nitrocellulose was supplied by Sartorius.
Isolation of polysomes from Friend ervthroleukemia cells
The cell culture conditions for Friend cells (clone M2) have been described previously (26) . When required, cells were labelled by addition of H-uridine (2mCi/litre culture medium). Cells were harvested in mid-log phase of growth and washed with cold phosphate buffered saline. Polysomes were isolated from the post-mitrochondrial supernatant of NPMO-lysed Friend cells by pelleting through buffered 2M sucrose (27) . Polysomes were further purified on 15-40J sucrose gradients. Only fractions sedimenting faster than 100S were used for the extraction of RNA (28) . This procedure has been shown to provide polysomes which are free of detectable contamination with nuclear ribonucleoprotein particles (27, 28) . Isolation of RNA Total cellular RNA was isolated by a modification of the method of Ullrich et al (29) . Briefly, freshly harvested cells were resuspended in solution containing 5 M guanidinium thiocyanate, 50 mH Tris-HCl, pH 7.0, 50 mM EDTA and 51 2-raercaptoethanol. The solution was strongly homogenised to shear the DNA and was then layered over 1.2 ml cushions of 5.7M CsCl, 50 mM EDTA, pH 7.0. The gradients were centrifuged at 35,000 rpm and 15°C for 24 hours in a 6 x U ml swing-out rotor (International). The pelleted RNA was dissolved in sterile water and reprecipitated twice from 0.3 M sodium acetate, pH 7.0 with 3 volumes of ethanol at -20°.
Polysomal RNA was isolated using CsCl as previously described (28) . Total cytoplasmic RNA was isolated from the post-nuclear supernatant of NP-40 lysed Friend cells (27) . The supernatant wa3 extracted with an equal volume of phenol/chloroform (1:1, v:v) saturated with NETS buffer (100 mM HaCl, 1 mM EDTA, 10 mH Tris-KCl, pH 7.4, 0.55 sodium lauryl sulphate (SLS)) until no interface remained. The aqueous phase was extracted with chloroform and the RIIA precipitated uith ethanol.
The poly(A) + RI.' A was removed by two passages over oligo (dT)-cellulose in binding buffer (0.5 M HaCl, 10 mil Tris-HCl, pH 7.5, 0.1% w/v sarcosine, 1 mil EDTA) followed by elution with water (30) . The poly(A)" RKA was precipitated with ethanol and stored at -20°C.
Construction of a cDNA library from small poly(A)~ Rh' A Polysomal poly(A)" RNA from 14-day mouse embryos (HIH/Swiss) was fractionated by sedimentation through a 15-30% sucrose gradient. The fractions containing 7-12S RNAs were further purified by centrifugation through a second gradient and RNA sedimenting at 7-12S was isolated. 20y«g of this RNA was transcribed in a total volume of 1 ml containing 1 mM dWTPs, 1 mCi 100 /*% actinomycin D and 60 units of AMV reverse transcriptase. The mixture was incubated for 2 hrs at 37°C and the reaction terminated by two chloroform extractions. The aqueous layer was then adjusted to 0.3 M HaOH and incubated at 37°C for 30 min. The mixture was neutralized by the addition of 3 M Na acetate and yeast tRNA carrier was added to 10 /«*g/ml. The sample was run over a Sephadex G50 column and the excluded peak concentrated by ethanol precipitation.
Second-strand synthesis was performed in 2 ml containing 1 mM dNTPs, 30 rnM Tris-HCl, pH 7.5, 5 mH KgCl 2 , 1 mM 2-mercaptoethanol, 16.8/jg cDNA, and 200 units of E.coli DNA polymerase (Klenow fragment) at 12°C for 7 hrs. To produce flush ends the mix was adjusted to 30 mH Na acetate pH 4.6, 50 mH UaCl, 1 mil ZnSOj, and 150 units of S1 nuclease in 3 ml and incubated at 37°C for 3 hrs. The double-stranded cDHA was harvested by ethanol precipitation following the addition of yeast tRNA carrier (to 20 / >»g/ml). These cDNAs were inserted into the phosphatased plasmld vector pAT153 by blunt-end ligation to the repaired Bam HI site and used to transform E.coli HB101 as previously described (32) . Transformants were picked and inoculated into 96-well microtltre plates containing L-broth with lOO/fcg/ml ampicillin and glycerol, then stored at -20°C according to Gergen et al (33) . Selection of clones complementary to abundant, non-ribosomal RNAs Filter replicas of the recombinant colonies in the microtitre plates were prepared on nitrocellulose filters and hybridised according to Grunstein and Hogness (34) .
One set of filters was hybridised with 32p_ cDNA transcribed from purified 18 and 28S rRKA. A duplicate set of filters was hybridised with 32p-cDIIA f rom the 7-12S poly(A)~ RtIA used to prepare the cDKA library. Upon comparison, clones strongly positive with the small RI, ;
A probe and negative with the ribosomal probe were selected and subjectec to a second round of hybridisation. Colonies which gave a positive signal with only the small Ri JA cDNA probe both times were picked and plasmid DNA was isolated on a small scale (2 ml cultures) from each. The plasmids were labelled with ("p)_dCTP by nick translation ana hybridized to total mouse RHA blots to further eliminate t-Rf.'A, 5S and 5.8S rRtJA species. These probes hybridizing to non-ribosomal RNA species were selected for further analysis. DNA sequencing DHA sequencing was carried out using the methods of Maxar.i and Gilbert (24) .
Briefly, pA6 was cut by Bam H1 and 5' end labelled using polynucleotide kinase and (f-3 2 p) ATP. The insert was purified by agarose gel electrophoresis and strand separated on a 61 polyacrylamlde gel. The fragment was sufficiently short to be sequenced from both strands. Gel electrophoresis and blotting RNA was fractionated on 8« polyacrylamide gels containing 7M urea using sample and running buffers exactly as described by Maniatis and Efstratiadis (35) . For analytical separations, gels normally measured 200 x 180 x 1.5 mm and were run at 200 volts for 3-4 hours or 40 volts overnight. The RtJA was visualised with ethidium bromide (2 mg/1 ,water, for 10 minutes) and transferred to nitrocellulose in 20 x SSC without any further treatment. In some cases (see text), RNA was fractionated in 15 agarose gels containing 2.2 M formaldehyde in MOPS buffer (20 mfi Ha-morpholinopropanesulfonic acid, 5 mil Na acetate, 1 mU EDTA). The RNA was denatured in MOPS buffer containing 505 formamide and 2.2 11 formaldehyde at 55° for 15 minutes before loading the gel. Agarose gels were run at 100 volts for 5-6 hours or 35 volts overnight. The RNA was transferred directly to nitrocellulose in 20 x SSC without staining or further treatment. The sizes of RKAs which hybridised with (32p)-labelled probes were estimated by comparison with the mobilities of RNA size markers (E.coli 23S and 16S rRNAs, eucaryotic 18S and 28S rRNAs and yeast tRNA) run in parallel and stained with acridine orange (36) .
DNA was isolated by the method of Gross-Eellard et al (37) , restricted and run on 1$ agarose gels in 50 mK Tris, 20 mM sodium acetate, 1 mH EDTA, pH 8.0 for 16-18 hours at 40 volts. Transfer to nitrocellulose after staining with ethidium bromide was carried out according to Wahl et al (38) .
Blot hybridisation RNA or DNA blots on nitrocellulose were pre-hybridised for at least 12 hours at 43° and then hybridised for 20-24 hours with (^PWabelled probes in buffer containing 50S forraamide and 105 dextran sulphate as described by Wahl et al (38) . Unless otherwise stated in the text, the final washing of blots was carried out in 0.1 x SSC, 0.U (w/v) SLS at 60°C.
Hybrid-selection using mercurated plasmid DNA A total of 50/*^ pA6 DNA was precipitated with ethanol to remove traces of chloride ion and mercurated essentially as described by Longacre and Mach (39) .
The DNA was dissolved in water (250^1) to which was added an equal volume of buffer containing 100 mH sodium acetate, pH 6.0 and 40 mM mercuric acetate. The reaction mix was incubated for 18 hours at 50°. EDTA was added to a final concentration of 50 mH and the mercurated DNA was purified by exclusion on Sephadex G50 and ethanol precipitation. 
RESULTS
Screening of a cDNA library for clones complementary to 7S RNA A cDNA library was prepared from raou3e embryo small RNA molecules as described under Materials and Methods. We adopted a screening strategy which would enable us to select clones complementary to abundant, non-ribosomal small RNAs. A number of clones were obtained which gave a strong positive signal when hybridised with a cDNA probe prepared from small RNAs by randomprimed reverse transcription, but were negative when screened with ribosomal cDNA. On the basis of preliminary data, one of these recombinants, designated pA6, was selected for further characterisation.
It has previously been shown by others that 7S RNA is an abundant cytoplasmlc species in mammalian cells (18, 10, 41) . Figure 1A clearly confirms that a band corresponding in mobility to 7S is the predominant poly(A)" cytoplasmic RNA after the known ribosomal and tRUA species. When a Northern blot of this RNA was hybridised with nick-translated DNA prepared from pA6, the only discrete band observed on the autoradiograph coincided with 7S RNA ( Figure 1B ). While this evidence was compatible with complementarity between pA6 and 7S RNA it was by no means conclusive: a number of other small, non-ribosomal RNA species, for example histone mRNAs, could have been selected by the same screening criteria. We therefore carried out a hybridisation-selection experiment designed to demonstrate complementarity between pA6 and the major 7S RNA species. pA6 DNA was mercurated and hybridised in excess with cytoplasmic RNA. The resulting DNA-RKA hybrids were isolated by thiol-sepharose chromatography and the purified RNA eluted in 97% formamide. Both the flow-through from the column and the purified RNA which hybridised with pA6 were precipitated using yeast tRNA 
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carrier and run on an 8J polyacrylamide/urea gel. The stained gel in Figure   2k shows that the 7S RNA was substantially depleted in the unbound fraction, but clearly visible in the bound component. This result indicates that pA6
has removed most of the 7S RNA from solution and must therefore be complementary to the major 7S RNA species. The additional lower molecular weight band which was observed in the eluted RNA (lower arrow, Figure 2A) probably a specific breakdown product of 7S RNA since it hybridised with pA6 DNA but is not present in freshly prepared cytoplasmic RNA.
Further confirmation that pA6 is a 7S cDNA clone came from hybridisation experiments involving a member of the highly repeated mouse B1 family. Heiner (18) has demonstrated partial complementarity between a limited region of 7S RNA from HeLa cells and a cloned member of the human Alu family. In the mouse genome, the Alu-equivalent is a 125 b.p. sequence represented at least 100,000 time3 and collectively known as the B1 family (21) . One member of this family has recently been shown to be situated about 2.5 kb from the 3 1 end of the mouse fl ma J globin gene (12) . A specific probe for the B1 sequence was therefore conveniently obtained by excising the appropriate fragment from a Bglll/Hpal digest of cloned genoraic ^m a J globin DNA. When a
•^P-labelled B1 probe was hybridised with a blot of cytoplasmic poly(A)~ RNA, the strongest signal was observed at the position of 7S RNA ( Figure 2B , slot b 1 ). Moreover, the 7S RNA which had been selected with pA6 was capable of hybridising with the B1 probe, as shown by Figure 2B (slots d 1 and e). Thi3 evidence, together with the hybridisation data in Figure 1 , supports the identification of pA6 as a 7S cDNA clone.
The autoradiograph in Figure 2B (slot b 1 ) shows that a series of cytoplasmic RNAs of slightly higher molecular weight than 7S also have homology with a B1 probe. Longer exposure of this autoradiograph enables the detection of at least five distinct RNA bands (data not shown). The pattern of hybridisation cannot be attributed to non-specific aggregation of the RNA, since this would also have been observed with the pA6 probe shown in Figure  1 . It is possible that at least two of these RNAs may correspond to the species K and M which are present in both nucleus and cytoplasm and are also transcribed by RNA polymerase III (1, 13, 14, 41) . The nucleotide sequence of pA6 DNA The insert cloned in pA6 contains about 190 of the 280 nucleotides represented in 7S RNA. Its sequence was determined by standard sequencing techniques and is presented in Figure 3 . The salient feature of the sequence i3 the presence of a truncated B1 element at one end of the molecule. The first 65 nucleotides of the cloned cDNA are over 80J homologous with a specific region from bases 19-84 of the published B1 consensus sequence (21) . This accords with the previous report of homology between human 7S RNA and the Alu repeat (18) and with the hybridisation data presented above. Li et al (43) have recently used RNA sequencing techniques to determine the sequence of rat 7S RNA which is also presented in Figure 3 . A remarkable degree of The sequence of the cloned insert in pA6 is shown together with the homologous region of the B1 consensus sequence (21) , and the rat 7S RNA sequence (43) . A potential polynerase III recognition site in the 7S sequence is denoted by asterisks, hornology exist3 between the mouse and rat sequences. The first 160 nucleotides of the mouse sequence show only 5 base changes and a 4 nucleotide insertion with respect to the rat 7S RNA. The slightly lower homology over the 20 bases at the 3 1 end of the mouse 7S cDNA clone may be attributable to the use of random primers for the reverse transcription of the 7S RNA. The nucleotide substitutions shown in this region may therefore not be a reflection of genuine sequence differences between mouse and rat 7S RNAs. The finding that pA6 contains a stretch of 65 bases with extensive homology to the B1 consensus sequence was initially surprising, since in a series of hybridisation experiments (data not shown) we had failed to detect any significant cross-hybridisation between a B1 probe and the cloned insert in pA6. This lack of cross-hybridisation is also evident from a comparison of Figures 1 and 2 which shows that pA6 hybridises only with one specific 7S RNA whereas the B1 probe has homology with a variety of RNAs of different molecular weights. We conclude that the relatively short hybrids which would be formed between pA6 and the B1 sequence are not sufficiently stable under the stringency conditions used for these hybridisation reactions.
Previous studies have shown that 7S RNA is transcribed by RNA polymerase III (13, 14) . Comparison of the pA6 sequence with that of other known polymerase III transcripts such as the 4.5S RNA (16, 44) or the virusassociated small RNAs from adenovirus (45) or Epstein Barr virus (46) reveals the presence of a 12-nucleotide stretch which could function as a polynerase III recognition site (47) . This sequence (denoted by asterisks in Figure 3 ) is within the B1 part of the molecule in the 5' half of 7S RNA, and accords with data on other polymerase III transcripts in which the recognition site is also located within the RNA coding sequence .
Evolutionary conservation of the 7S RNA sequence in avian, rodent and human
cells
Oligonucleotide fingerprinting has been used to show that avian and murine 7S RNA sequences are very similar (3), suggesting that this RNA species is involved in some important cellular function which has been subject to evolutionary conservation. The data 3hown in Figure 4 confirm this observation and extend it to a comparison of the RNAs in mouse, rat, avian and human cells. The overall pattern of small RNAs in these species was very similar (Figure 4A ), although the chick "7S n RNA appeared to have a slightly higher molcular weight. The striking feature of the autoradiograph shown in Figure HB is the extraordinary sequence conservation of 7S RNA. The pA6 probe hybridised equally well with the 7S band in all four species, despite extensive washing of the blot at 60° in 0.1 x SSC. Further washing at 60° in the absence of salt did however preferentially denature the hybrids formed with chick RNA (data not shown), suggesting that this species has a slightly more divergent sequence than the others. Preliminary evidence shows that the conservation of the sequence extends to the repetitive component of the 7S RNA, based on hybridisation of a mouse B1 probe with a similar spectrum of RNAs. The 7S RNA in all species hybridised, whereas the 4.5S RNA was only detected in rodent cells (51) . This accords with the demonstration of Alu-type sequences in the genomes of all of these species (52) . The genomlc organisation of 7S RNA sequences
The availability of a cloned 7S sequence which did not significantly hybridise with the highly repeated B1 element in mouse cells enabled us to begin a study of the organisation of 7S genes in eucaryotic cells. Southern blots were prepared from EcoRI-dige3ts of genoraic DNA from mouse, rat, avian and human cells and hybridised with nick-tran3lated pA6 DNA. It was immediately obvious from the patterns shown in Figure 5 that major changes in the copy number and organisation of 7S genes have occurred during recent eucaryotic evolution. In an EcoRI digest of mouse DNA, about 8 band3 of roughly equal intensity are observed. On the basis of the sequence data shown in Figure 3 , a number of restriction endonucleases were selected which cut the 7S coding sequence at either one or two specific sites. Information obtained from genomic digests using these enzymes indicated that the 7S genes are probably not in a simple tandem array, but have a dispersed arrangement in the mouse genome (data not shown). In the rat genome, about 15 seen, some of which are of higher intensity and may contain multiple copies of the gene. The chick genome has about 4 EcoRI fragments containing 7S sequences, whereas neuro3pora DNA did not appear to contain any sequences capable of hybridising with the pA6 probe.
The most surprising aspect of this experiment was the apparent increase in copy number in the human genome. The smear of hybridisation observed is not an artefact specific to the DNA of the cell line used in these particular experiments: the pattern shown has subsequently been confirmed with DNA from three different human cell lines and from normal human peripheral blood. contains a stretch of 65 bases with extensive homology to the published consensus sequence of the mouse B1 family (21) . On the basis of our hybridisation data, however, we conclude that an additional part of the B1 sequence must be present in mouse 7S RNA which has not been cloned in pA6: a B1 probe hybridises very strongly with 7S RNA but, under the same stringency conditions, very weakly with pA6 DNA. This conclusion is supported by the RNA sequencing data of Li et al (43) who have 3hown that rat 7S RNA contains sequences complementary to the Alu family at both 5' and 3' ends. The isolation and sequencing of genomic clones complementary to mouse 7S RNA, presently in progress in this laboratory, should further illuminate the relationship between the mouse and rat sequences.
Comparison of 7S RNA with other 3mall RNA species
Some striking similarities exist between 7S RNA and a series of 4.5S RNAs found in rodents (15, 51) . Both species have triphosphorylated 5 1 termini, are unmethylated and are transcribed by RNA polymerase III (13, 16) . In addition, both are partially complementary to the highly repeated Alu family sequences in the genomes of human and rodent cells (18, 53) . However, in spite of these obvious analogies, some critical differences can now be identified. First, although the 4.5S RNAs cannot be encoded by B1 family members, they exhibit extensive homology to the B1 consensus sequence throughout the whole length of the molecule (53) . The 7S RNA, on the other hand, has a truncated B1 sequence at its 5 1 end, followed by a region of at least 120 ba3e3 with no hpmology to 4.5S RNA. Second, the relative proportions of 7S and 4.5S RNAs found in the nucleus and cytoplasm differ considerably: the vast majority of 7S RNA molecules are located in the cytoplasm whereas a substantial proportion (as much as 50%) of 4.5S RNA is found in the nucleus (15, and A.B. and R.K., unpublished results). Finally, while 7S RNA is equally abundant in mouse, rat, chick and human cells (this report), it has been reported that the 4.5S RNAs are only detectable in mice, rats or hamsters (51) . These fundamental differences in sequence, cellular location and species of origin indicate that the 7S and 4.5S RNAs cannot have identical functions, although their roles may overlap to some extent.
Another RNA species which merits comparison with 7S RNA is that recently described by Haynes and Jelinek (53) . These authors have previously reported a type 2 Alu-equivalent dispersed repeated sequence in a cloned fragment of Chinese hamster DNA (44) . Subsequent studies showed that this fragment served as a template for transcription by polymerase III IQ HlkTP to give a series of discrete low molecular weight RNAs. Moreover, an analogous class of RNAs has been found to exist in liitffi (53) . An interesting parallel between this class of RNA molecules and 7S RNA is that both have partial Alutype sequences at their 5 1 end3. However, the points of overlap between the B1 and non-B1 parts of each molecule are different: 7S has at least 65 nucleotides homologous with residues 19-88 of the B1 sequence, whereas the region present in RNAs transcribed from type 2 Alu sequences contains residues 47 through 107 ( Figure 6 ). The non-B1 parts of the molecules exhibit no obvious homology apart from a stretch of 18 nucleotides (indicated by boxed area in Figure 6 ) which has a counterpart with 75X sequence overlap in the type 2 Alu DNA. An additional difference between the two types of sequence is their relative copy numbers in rodent genomes. Haynes et al (44) have reported that the non-B1 part of the type 2 sequence is itself highly repeated in the Chinese hamster genome. Our studies with the cloned 7S cDNA indicate a maximum copy number of about 8-10 in the mouse genome, with slightly more being present in the rat. An intriguing aspect of the comparison between 7S RNA and the Alu-type 2 sequence is that both contain potential polymerase III recognition sites at or very close to the junction between the B1 and non-B1 parts of the molecules. In the case of the Alu type 2 sequence, a 12 nucleotide stretch with very close homology to the consensus sequence described by Fowlkes and Shenk (47) actually spans the junction-point (see Figure 6) . Similarly, an Insertion of 2 T residues and a deletion of 5 nucleotides in what is normally a highly conserved area of the B1 sequence generates a new potential polymerase III recognition site in 7S RNA which ends within 3 nucleotides of the junction-point. Another similarity between the 7S sequence and the CHO Alu-type 2 sequence is that the^short nucleotide stretch CCAGCCTGG, which is highly conserved in Alu-type repeats in human, rodent and chick genomes (52) has been rearranged either by insertion or deletion of a few nucleotides ( Figure 6B ). With regard to the overall structure of 7S RNA and CHO Alu type 2 RNAs, it is possible that transposition events involving complete or partial Alu type elements (44) might have given rise to new combinations of sequences, some of which become transcriptionally active and are stabilised within the genome. Genomlc organisation of 7S RNA sequences
The availability of a 7S cDNA clone which does not cross-hybridise with the highly repeated B1 sequences in the mouse genome has enabled us to show that the 7S RNA is encoded by a multigene family. An analogy might be drawn to the similar dispersed multigene families reported for the snRNAs (2, 8, (B) Modifications to a highly conserved 9 nucleotide sequence in 7S and CHO Alu type 2 sequences. The 7S sequence has a deletion of 5 nucleotides and an insertion of two T residues into the 9-nucleotide stretch which is highly conserved in Alu-type ubiquitous repeats (52) . The equivalent area of the CHO Alu type 2 sequence has two base changes and an insertion of two A residues. 54, 55). Many of the individual loci complementary to the snRNAs are in fact pseudogenes which have diverged during evolution and are not colinear with the RNA species (54-56). It is possible that a similar situation exists for the 7S RNA genes, particularly since detailed analysis using different restriction endonucleases which cleave the 7S cDNA clone at specific sites has shown that not all of these restriction sites are shared by the 7S RNA genes in the mouse genome (RX and A.B., unpublished results). It is however interesting to note that RNA sequencing techniques have shown that 3ome heterogeneity exists at the 5' and 3 1 ends of rat 7S RNA (43) , suggesting that several of the gene-containing fragments in the rodent genomes may be transcribed. The vast increase in hybridisation signal which we have observed between the mouse 7S cDNA clone and the human genome is intriguing, and may be interpreted in terms of either a dramatic amplification of the 7S genes in human DMA or cross-hybridisation between the cloned mouse sequence and a sub-set of the highly repeated Alu family. Further investigation of the structure of 7S RNA-genes and pseudogenes, presently in progress in this laboratory, will be necessary to clarify this point. Possible functions of 7S RNA 7S RNA is the most abundant cytoplasmic RNA in eucaryotic cells which has not yet been assigned any particular function. A prerequisite for the analysis of the function of an RNA species i3 the knowledge of its structure and its location within the cell. With regard to the 7S RNA, this has been the subject of some controversy. While there is a general consensus that 7S RNA is a predominantly cytoplasmic species, an initial report by Walker et al (57) that it is associated with polyribosomes in mouse and human cells was not confirmed in subsequent studies (40) . More recently, Gunning et al (58) attributed this discrepancy to the previous authors' use of different methods for polysome isolation and concluded that 7S RNA is indeed involved in a functional association with polyribosomes. The latter studies were however based on estimation of 7S RNA concentrations in various cellular compartments by scanning of gel profiles. The availability of a cloned 7S sequence will enable us to resolve these discrepancies by accurately determining the concentration and localisation of 7S RNA within the cell. We also hope to identify and analyse specific ribonucleoprotein particles containing 7S RNA. These investigations should indicate whether the function of 7S RNA lies in the areas of RNA processing, nucleo-cytoplasmic transport of mRNA species or translational control.
added. After submission of this manuscript, a report appeared by Ullu and Helli on the isolation of cDNA clones complementary to human 7S RNA (Nucleic Acids Res. 10, 2209-2223 (1982) ).
